Primary objective of this research work is to develop a flexible and biocompatible composite material by reinforcing polyurethane elastomer with knitted fabric of polyester fibers. A new composite fabrication method has been developed, as the conventional thermoplastic composite fabrication methods are not suitable for reinforcing a polymer of high melting temperature with fibers of low melting temperature. The flexible composite material displayed an elastic modulus of22.3 MPa, tensile strength of 19.5 MPa and a failure strain of 141%.
Introduction
Polyurethane elastomers are commonly used as biomaterials due to their known biocompatibility. For certain soft tissue prostheses, the mechanical properties of polyurethane elastomer closely match with those of the biological soft tissues. However, for a number of prospective applications such as controlled drug delivery and release systems, cardiovascular grafts, artificial organs, reconstructive implants, orthopedic assist implants, dental cavity liners, sutures and blood bags, the polyurethane elastomers are limited by their low mechanical properties. To further improve the mechanical properties of polyurethane without sacrificing much of its elastomeric (flexible) behavior, reinforcement of polyurethane with knitted polyester fibers is proposed. Polyester is also a known biocompatible material. The rationale for making a flexible composite material is mainly for the fact that biological soft tissues are flexible composites with collagen and elastic fibers as reinforcements.
Experimental details
Knitted fabrics were produced using a circular weft knitting machine, specially designed and developed by United Texmac Pte Ltd., Singapore. The machine gauge is 20 needles per inch of the needle bed. Knitted fabrics were made by interlooping of 100 denier polyester yarns. Schematic diagram of a plain-weft knitted fabric is shown in Figure 1 . Widthwise direction of the fabric is called 'course direction', whereas the lengthwise direction is known as 'wale direction' .
In a conventional thermoplastic composite fabrication process, usually matrix polymer is melted and then impregnated into the fiber yarns. In other words, it is a prerequisite that the melting temperature of matrix polymer should be much smaller than the reinforcement fibers. In the present study, the melting temperatures of polyester fibers and polyurethane material over-lap. Hence, an alternative fabrication process is developed. In this new method, a diluted polyurethane solution was used. Initially, the knitted polyester fabrics were soaked in the diluted polyurethane solution. Due to the low viscosity of polyurethane solution, it is relatively easy to impregnate yarns. A negative pressure has been used to remove the solvent from the polymer solution gradually, thereby depositing layers of polyurethane around the fibers and knit loops. The process parameters have been optimized such that composite contains 50% by weight of polyurethane matrix. Weight fractions of fibers and matrix were determined by measuring the weight of fabric before and after the fabrication process. To investigate the impregnation, fabric was sectioned carefully using freeze-cut method. The complete wetting of polyester fibers with polyurethane can be seen in Figure 2 . Tensile specimens of 75 mm long and 10 mm wide were prepared by cutting parallel to the wale direction of the knitted fabric. Tensile tests were conducted in accordance with ASTM D882-91 standard using an Instron model 5566 with lkN load cell at a cross-head speed of 5 mm/min. Structural features of knitted fabrics and composites, and fracture morphology were studied using the SEM.
Results and discussion
It has been demonstrated successfully that a flexible composite of knitted polyester fibers and polyurethane matrix can be fabricated. Typical stress-strain curves of knitted fabric, polyurethane and composite are shown in Figure 3 . The shape of curves is typical of flexible materials. Corresponding tensile properties are summarized in Table 1 . The usable deformation of composite material is above 100%, which is sufficiently large for most biomedical applications. The initial elastic modulus and tensile strength of polyurethane have been increased by 750% and 26%, respectively due to the reinforcement effect of knitted polyester fabric. To understand the role of knitted fabric on the deformation behavior of polyurethane, initially knitted fabric alone was tensile tested. Figures 4a and 4b show the SEM photographs of fabric before and after the tensile tests, respectively. The back face of the knitted fabric can be seen in the photographs. During tensile testing, the knit loops were stretched in the wale direction and at the same time the loops were squashed laterally in the plane of load application. Upon further loading the yarns reorient and align in the loading direction, which has resulted in the final stiffer portion in the stress-strain curve. Final failure of the fabric occurred upon the fracture of yarns at the minimum radius of curvature of knit loops. Figures 5a and 5b show the SEM photographs of composite before and after the tensile tests, respectively. Unlike the fabric material, the knit structure of composite was not completely disturbed due to the applied load. The surrounding polyurethane matrix restricted the free deformation of knit loops, which contributed to the increase of fabric stiffness. Fracture samples did not show any cracks at the yarn/matrix interface, indicating the good bonding between polyester fibers and polyurethane matrix. Blocky failure of yarns indicate the good impregnation of fibers with the polyurethane. Combination of polyurethane matrix and knitted fabric proved synergistic and the resultant composite is stiffer, stronger and flexible.
Conclusions
A new fabrication method has been developed for producing flexible composite materials. Using this method it is possible to reinforce a polymer of high melting .temperature with fibers of low melting temperature. This method has been successfully applied for fabricating knitted polyester fiber fabric reinforced polyurethane composite. The composite displayed higher tensile properties than the polyurethane. This flexible composite material may have broad applications in the synthetic biological materials and also in electronic packaging. References
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